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LOW VOLTAGE REVERSE BIAS 
ARRANGEMENT FOR AN ACTIVE PIXEL 

SENSOR 

BACKGROUND OF THE INVENTION 

The present invention relates to an active pixel sensor, and 
especially to an active pixel sensor operated in a loW voltage 
environment. The poWer consumption of the active pixel 
sensor of the invention is loWer than the poWer consumption 
of a conventional charge coupled device (CCD) image 
sensor, and also loWer than the poWer consumption of the 
CMOS active pixel sensor Which is noW extremely devel 
oped by current commercial industry. 

For many years, in the design of the image capturer and 
monitor, the CCD has been predominantly used due to the 
characteristics of loWer noise, small siZe of pixel, etc. 
HoWever, With the development of portable systems, the 
major concerns in the design of integrated circuits are loW 
voltage (less cells) and loW poWer (long Working time), 
While in the application of CCD components, a higher 
voltage is needed to drive the system, and thus the dif?culty 
in design is increased. Recently, because of the improve 
ments in CMOS manufacturing processes, the siZe of device 
has become smaller, and thus the active pixel sensor (APS) 
has also further improved. Since the active pixel sensor has 
the advantages of loWer Working voltage and loWer poWer, 
and is a high compact integrated circuit, it has a high 
commercial Worth. 

The conventional active pixel sensor is shoWn in FIG. 1. 
The primary characteristic thereof is that in each pixel, an 
ampli?er circuit is used to output signals. Referring to FIG. 
1, upon application of a control signal RST, the diode D1 is 
charged by a reverse bias voltage. During exposing, the 
diode D1 may be considered as an equivalent current source 
to charge point g0. The transistor M2 is an amplifying stage 
of an output ampli?er. The voltage stored by point g0 is 
output to BL. The output of the pixel signal may then be 
controlled by a control signal WL. HoWever, if the Working 
voltage is reduced (for example, to 2V), due to the body 
effect, the bias voltage on point g0 Will become insuf?cient, 
and thus it can not be operated under a loWer voltage 
environment. 

SUMMARY OF INVENTION 

Accordingly, the object of the present invention is to 
provide an active pixel sensor comprising a PMOS and an 
adjustable cascade sensing diode so that the circuit may be 
operated under a voltage of 2V. 

The active pixel sensor of the present invention may be 
used in an image capturer (such as a digital camera) under 
a Working voltage of 2V, and it is completely compatible 
With the standard CMOS manufacturing process, so that it 
may be integrated With another application circuit (such as 
an analog/digital converter, a digital signal processor, etc.) 
so that the poWer of the system is reduced. 

The present invention Will be better understood and its 
numerous objects and advantages Will become apparent to 
those skilled in the art by referencing to the folloWing 
draWings in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is circuit diagram of a conventional active pixel 
sensor. 

FIG. 2 is the Whole structure of an image sensor. 
FIG. 3 is a circuit diagram of an active pixel sensor in the 

present invention. 
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2 
FIG. 4 is a time sequence for operating the active pixel 

sensor of the present invention. 

FIG. 5 is a circuit of a sensing amplifying circuit. 

FIG. 6 is a time sequence of a sensing amplifying circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The block diagram of the image sensor of the present 
invention is shoWn in FIG. 2. The image sensor includes a 
pixel array, a roW decoder 21, a sensing ampli?er 22 and a 
column decoder 23. During operation, by the random 
accessing of the roW decoder 22 and the column decoder 23, 
the pixel array signal in any position is selected to output to 
an output port. The roW decoder 22 and the column decoder 
23 is designed according to the conventional circuit, and 
thus the description thereof is omitted herein. 
The active pixel circuit of the present invention is shoWn 

in FIG. 3, Wherein the reverse-biased, series connected diode 
D2 formed by an n type region Within a p type region is used 
as an optic sensing component, the sensing photons thereby 
being converted into current. While under a DC bias Vb, the 
transistor M5 and diode D2 can be treated as a cascade 
current source 31. During operation, the diode D2 is charged 
to a bias voltage. As a photon is emitted into the deplete 
region of the diode D2, the generated electrons and holes 
Will be separated by a electric ?eld, and thus an photo 
current is formed. Then the generated charges Will be stored 
Within the point b as shoWn in FIG. 3. In the present 
invention, the charges ?oWing to the point b are electrons, 
and thus With the optic process, the voltage of point b Will 
become loWer and loWer, While the transistor M2 is used as 
a sWitch for controlling the point b. During operation, RST 
is ?rstly sWitched to 0V to open the gate of transistor M1 the 
point b is charged to VDD, and then the RST signal is 
sWitched to VDD to cut off M1, as shoWn in FIG. 4. As it is 
illuminated, the magnitude of photon current is varied With 
the strength of light, thus the charges released from point b 
through the photon current is also varied, and therefore the 
voltage in point b is different. NoW WL is sWitched to VDD 
to cause the column selecting transistor M4, to conduct, at 
Which point the voltage of point b Will be ampli?ed through 
transistor M3 to output to a common position line BL. 
Thereafter, the RST signal Will be further sWitched to 0V to 
charge the voltage in point b to VDD. NoW the voltage of 
WL is also retained in VDD, and the VDD signal in point b 
is output to BL. The object is to provide a pixel signal to 
output to a calibration voltage level. The next sensing 
ampli?er 23 Will sample the voltage on line BL and then 
amplify it for output. This manner of operation is called as 
“correlated double sampling” (CDS)). The object of per 
forming correlated double sampling in the stage of pixel 
output is to reduce the ?xed-pattern noise (i.e., since the 
output elements of different pixels Will have slight variation 
in siZe due to drift in manufacturing, the gain of different 
transistors is also different, and thus the same light intensity 
Will output different voltage values on different pixels.) 

In the present invention, in general, the active pixel is 
connected With the light sensing diode D2 through n type 
MOS transistor M1, Which serves as a serial electronic 
shutter for (1) separating the light sensing diode D2 and the 
point b by transistor M1, so that the pulse Width of a 
SHUTTER is controlled to decide the time duration of light 
illumination; as the signal on point b is outputted, the 
SHUTTER Will be sWitched to 0V, and thus the voltage on 
point b Will not be affected by the photon current generated 
by the illumination of diode D2. (2) the voltage of the 
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SHUTTER may be modulated because, as shown in FIG. 4, 
Vsh is controlled by outer components, and therefore, the 
reversing bias voltage of the diode D2 Will also be 
controlled, and the transistor M1 and the diode D2 are 
formed as a cascade current source; through the control of 
Vsh voltage, the reversing bias of the diode D2 may be 
controlled, and thus the sensitivity of the circuit is adjusted 
(since the siZe of the reversing bias of the diode D2 Will 
decide the electric ?eld of the depletion region; the higher 
the electric ?eld, the easier the collision betWeen the photons 
and the sensing crystal lattices for forming a photon circuit) 
for matching a background With different illumination. 

In the present invention, the transistor M2 should be a 
PMOS component, since as the Working voltage VDD is 
reduced (for eXample VDD is equal to 2V), if the transistor 
M2 is made by an NMOS component, due to the body effect, 
the voltage on point b Will be less than VDD With the value 
of Vt. Thus, if Vt is equal to 0.8V, VDD is 2V, the voltage 
on point b is equal to 1V, the transistor M1 Will Work on a 
non-saturation region, and the Whole circuit Will lose its 
function. Therefore, if the transistor M2 is made by PMOS, 
the body effect Will be avoided, then the circuit is more 
easily to be operated in the loWer voltage condition. 
When the light has cut off, the signals of piXels are 

outputted in parallel, i.e., the piXels on the same line are 
outputted signals having a common address BL. The piXels 
on the same line use the same sensing ampli?er (as that 
shoWn in dashed lines) for amplifying signals, and all of the 
ampli?ers use a common output port for outputting signals. 
The circuit of the sensing ampli?er connected on each line 
is shoWn in FIG. 5. The transistor M1 shoWn in this ?gure 
is the input port of this sensing ampli?er. The transistor M2 
is a channel control sWitch for controlling the operation of 
the sensing ampli?er. The the transistors M4 and M5 are 
commonly used by many lines for providing a reset voltage 
to an output port. The time sequence of the Whole signals are 
shoWn in FIG. 6. When W1 is equal to VDD, the column 
selecting transistor M4 shoWn in FIG. 3 is open and the piXel 
signal is stored in BL, then (1)1 is equal to VDD, voltage 
folloWer transistor M3 is open, and the voltage of point c is 
0V. At the same time, CK is equal to VDD, and the column 
selecting transistor M4 is open. NoW the current Will ?oW 
through the transistors M4 and M5. The voltage value Vout 
is equal to that of the current source multiplied by an 
equivalent resistance betWeen the source and drain of tran 
sistor M4. This voltage may be used as a reference voltage 
for a measuring circuit by an eXternal component. Then, 
signal of RST is sWitched to 0V by VDD, and meanWhile the 
(1)1 is also sWitched to 0V, after Which transistor M3 is cut off, 
and the voltage of BL Will be higher than before. Therefore, 
by the coupling effect of the capacitor Cin, the voltage on 
point C is equal to the voltage difference AV across the BL 
as shoWn in FIG. 6. Thereby, Ysel Will be sWitched to VDD 
(the Ysel is from the column decoder being used to output 
the signal on some line), transistor M2 is opened, simulta 
neously CK is 0V, and thus transistor M2 is opened. The 
voltage value of Vout is equal to that of current source I 
multiplied by an equivalent resistance betWeen the source 
and drain of transistor M4. By this operating sequence, the 
outer sampling circuit can derive a piXel signal and a 
reference signal Vref through the operation of pulse Ck for 
meeting the respective dual sampling so to delete the piXel 
noise. 

Although certain preferred embodiment of the present 
invention has been shoWn and described in detail, it should 
be understood that various changes and modi?cation may be 
made therein Without departing from the scope of the 
appended claims. 
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What is claimed is: 
1. An active piXel sensor, comprising: 

a photon receiver formed by an n type region Within a p 
type region; 

a serial electronic shutter formed by an n type MOS 
transistor having a source connected to the photon 
receiver and a drain connected in series With a drain of 

a p type MOS transistor; 

a reset transistor formed by a p type MOS transistor 
having a source connected With a positive poWer source 
and a drain connected With the drain of the n type MOS 
transistor of the electronic shutter; 

a voltage folloWer including a transistor having a gate 
connected With the drain of the p type MOS transistor, 
a source of said voltage folloWer transistor serving as 
the output port of the n type MOS transistor and the 
drain of the voltage folloWer transistor being connected 
With a column selecting transistor; 

Wherein said column selecting transistor is formed by an 
n type MOS transistor having a source connected With 
the drain of the voltage folloWer transistor and a drain 
connected to a positive poWer source; and 

Wherein the photon receiver is a light sensitive electrode 
for converting collected photons into current. 

2. An active piXel sensors comprising: 
a photon receiver including a sensing diode formed by an 

n type region Within a p type region; 
a serial electronic shutter formed by an n type MOS 

transistor having a source connected to the photon 
receiver and a drain connected in series With a drain of 
a p type MOS transistor; 

a reset transistor formed by a p type MOS transistor 
having a source connected With a positive poWer source 
and a drain connected With the drain of the n type MOS 
transistor of the electronic shutter; 

a voltage folloWer including a transistor having a gate 
connected With the drain of the p type MOS transistor, 
a source of said voltage folloWer transistor serving as 
the output port of the n type MOS transistor and the 
drain of the voltage folloWer transistor being connected 
With a column selecting transistor; 

Wherein said column selecting transistor is formed by an 
n type MOS transistor having a source connected With 
the drain of the voltage folloWer transistor and a drain 
connected to a positive poWer source; and 

Wherein a voltage supplied to a gate of the n type MOS 
transistor of the serial electronic shutter is adjustable, 
said voltage being in the form of pulses, a pulse Width 
of said pulses determining an exposing time duration, 
and a voltage of said pulses determining a magnitude of 
a reverse bias voltage of the sensing diode and there 
fore the sensitivity of the sensing diode to light. 

3. An active piXel sensors comprising: 
a photon receiver formed by an n type region Within a p 

type region; 
a serial electronic shutter formed by an n type MOS 

transistor having a source connected to the photon 
receiver and a drain connected in series With a drain of 
a p type MOS transistor; 

a reset transistor formed by a p type MOS transistor 
having a source connected With a positive poWer source 
and a drain connected With the drain of the n type MOS 
transistor of the electronic shutter; 
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a voltage follower including a transistor having agate the drain of the voltage folloWer transistor and a drain 
connected With the drain of the p type MOS transistor, Connected to a positive power source; and 
a source of said voltage folloWer transistor serving as 
the Output port of the H type MOS transistor and the Wherein the reset transistor is arranged to control a reverse 
drain of the voltage folloWer transistor being connected 5 bias of the Photon receiver and PKWide a Calibration 
With a column selecting transistor; voltage required by a pixel signal output. 

Wherein said colurnn selecting transistor is formed by an 
n type MOS transistor having a source connected With * * * * * 


